Background
==========

Distal radius fractures are common injuries that cause pain and disability. Despite this, few studies have described the disability experience of patients with this type of injury. A large number of studies, most frequently case series, have reported the impairments in specific clinical parameters resulting from a distal radius fracture. Usually these studies were conducted to describe the outcomes of a specific treatment intervention. Range of motion and grip strength scores are the most commonly reported impairments. A minority of studies on distal radius fracture has incorporated longitudinal evaluations allowing them to describe how these impairments changed over time. Even fewer studies have focused on the symptomatic and functional disability experience of patients. However, from studies describing the relationships between impairment and disability in this patient group, we know that the relationship is moderate at best \[[@B1],[@B2]\]. Thus, even well-designed longitudinal studies focusing on impairment have provided little understanding of the disability experienced by patients following a distal radius fracture.

Only recently, have standardized measures indicating disability from the perspective of the patient with a wrist injury been included in reports of outcomes after distal radius fracture \[[@B3]-[@B7]\]. We have previously reported aggregate scores for a number of outcomes, including patient self-report scales (Patient-rated Wrist Evaluation, DASH and the SF-36) in a cohort of patients with distal radius fractures followed at specific intervals for one year \[[@B3]\]. This summary information can be used to compare outcome at the group or aggregate level. However, this data does not illustrate what specific aspects of function were most affected, nor what percentage of patients experienced particular difficulties.

A recent qualitative study investigated the disability experience of a selected group of wrist-injured patients \[[@B8]\]. A semi-structured interview process was used to obtain information about the patient\'s status prior to injury, specific activities which were difficult to perform, compensatory mechanisms that patients used to deal with their limited function, and the patient\'s self-reported main problem. These patients had symptoms which had been present for 1--164 months (average 19). A variety of activities were reported to be difficult, with the two most common reported, eating with utensils and work activities involving grasping/lifting. The most common categories reported to present difficulty to patients were: work activities (65 percent) or domestic duties (54 percent). The authors also described compensatory mechanisms used by patients to assist them in dealing with their disability, as well as a number of positive and negative effects of their wrist problem. This study provided some useful information on the types of activities that are difficult for patients following a wrist injury. However, it did not quantify the relative amount of difficulty, it did not address how it changed over time and was not specific to any given wrist pathology.

Standardized self-report forms that are specific to wrist-rated pain and disability, make it possible to quantify the difficulty patients are having with specific activities. The Patient-rated Wrist Evaluation (PRWE)\[[@B9],[@B10]\] was designed for this purpose (Figure [1](#F1){ref-type="fig"}). While these standardized scales do not reflect every functional activity of importance to a given individual patient, they do provide one method of gaining understanding about the experience of patients with respect to specific activities or domains of life. That is, by examining the responses to individual items on standardized self-report forms, we are able to gain an understanding of the disabilities caused by a particular condition and the natural history of recovery.
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Therefore, the purpose of this study was to examine the pain and disability experience of patients following a distal radius fracture and how that experience changes over time.

Methods
=======

Patients
--------

A cohort of 129 successive patients with a distal radius fracture who completed a baseline PRWE when attending hand clinic were entered into this study. Patients were excluded if they were unable to complete the PRWE due to mental incompetence or language barriers that could not be addressed using hospital or family translators (Available Cohort = 137 ; Excluded because baseline form not present = 8). The patients were treated by 7 different hand surgeons according to best treatment practices of a specialized hand unit. The basic principles of fracture management of the Centre include initial reduction in emergency for displaced fractures, followed by re-examination in hand clinic. A treatment plan which provided for reduction and fixation of the fracture was determined by individual physicians in consultation with patients and included a variety of options (see Table [1](#T1){ref-type="table"}). An on-site hand therapy unit was available and patients were seen by therapists with treatment ranging from home programs to intensive therapy depending on the patient\'s needs. Patients from distant locations attended therapy in community hospitals with supportive consultations provided by hand therapists, if required. Extra-articular, partial-articular and complete articular fractures were present. See Table [1](#T1){ref-type="table"} for descriptive information on patient and treatment characteristics.

###### 

Descriptors of Severity for Scores for the Patient-rated Wrist Evaluation

  Descriptor    Item    Pain     Specific Activities   Usual Activities   Total
  ------------- ------- -------- --------------------- ------------------ ---------
  None          0       0        0                     0                  0
  Minimal       1--2    1--10    0--12                 1--8               1--20
  Mild          3--4    11--20   13--24                9--16              21--40
  Moderate      5--6    21--30   25--36                17--24             41--60
  Severe        7--8    31--40   37--48                25--32             61--80
  Very Severe   9--10   41--50   48--60                32--40             81--100

Evaluations
-----------

Patients were evaluated at their baseline hand clinic visits (following their emergency visits and initial treatment) and again at 2, 3, 6 and 12 months following their fracture. At each visit the patients completed a PRWE which was checked to ensure that all items were completed.

The PRWE has been previously described elsewhere \[[@B9]-[@B11],[@B7]\]and is appended in Figure [1](#F1){ref-type="fig"}. It has been shown to be reliable, valid and responsive in patients with distal radius fractures. It has also been used to assess patients with a variety of wrist disorders \[[@B1]-[@B6]\].

The PRWE contains 15 items: a 5-item Pain subscale (4 questions on pain intensity and one on frequency), a 6-item Specific Activities subscale and a 4-item Usual Activities subscale where patients rate their difficulty in four domains as compared to their usual level of function/participation (personal care, household work, work, recreation). Individual subscales can be totaled. A total score (/100) for wrist pain and disability is computed by dividing the sum of the 10 functional items by two and adding that subtotal (/50) to score for the pain subscale (/50). This provides a score from 0--100, where higher scores indicate greater pain and disability.

Descriptive data analysis of the items on the PRWE was performed using SPSS 11.0. The mean, standard deviation and median scores for each item were calculated at each point in time. The scores of individual items rating pain and disability from 0--10 were provided qualitative descriptors defined as follows: none (0) minimal (1--2), mild (3--4), moderate (5--6), severe (7--8) or very severe (9--10). For the pain scale item on frequency of pain, the descriptors used were: never (0), rarely (1--2), occasionally (3--4), frequent (5--6), very frequently (7--8) or constant (9--10) pain. The frequency of these qualitative responses was determined for each time interval. These descriptors were also extended to subscales and the overall score (See Table [1](#T1){ref-type="table"}). The mean scores and the distribution of the categorized scores for subscales and total scores were also calculated. Boxplots of subscale and total scores were used to describe the distribution and skew of obtained data.

Results
=======

Descriptive information on the patients enrolled in this study is described in Table [2](#T2){ref-type="table"}. Table [3](#T3){ref-type="table"} contains information on the responses for each individual item of the PRWE scale at each point in time. This indicates, that at baseline, patients had mild pain at rest, frequent pain and that the items \"repeated movement/lifting\" or \"pain at worst\" were severe/very severe. A rapid improvement in pain occurred by the two-month time point with patients experiencing occasional pain, minimal pain at rest and moderate pain with exacerbating activities. By 3-months the median response was \"no pain at rest\" and rarely more intense pain, with pain \"at worst\" being 3/10.

###### 

Characteristics of 129 Patients with Distal Radius Fractures

  ----------------------------------------- -------------------------------------------------------------------------------------------
  Age                                       50 years (15); Range 18--78
  Dominance                                 Right 91%; Left 9%
  Sex                                       Female 68%, Male 32%
  Injured Hand                              Right 48%, Left 51%, Both1%
  Dominant Hand Injured                     Yes 51%, No 49%
  Worker\'s Compensated Injury              No 92%, Yes 7%, Pending 1%
  Legal Action Involved                     No 96%, Yes 1%, Pending 3%
  Type of Fracture                          Extra-articular -- 23%,
                                            Partial-articular -- 39%,
                                            Complete articular -- 38%
  Type of Injury                            Low energy (fall from level) -- 60%
                                            Medium (fall from height or with speed) -- 33%
                                            High (associated with high impact like industrial machine or motor vehicle accident -- 7%
  Mechanism of Injury                       Fall ice/snow -- 21%
                                            Other fall -- 72%
                                            Other -- 7%
  Type of Fracture Involved (AO Type)       A\) Extra-articular -- 27%
                                            B\) Partial -- Articular 36%
                                            C\) Complete articular -- 38%
  Primary Treatment                         Cast only -- 20%
                                            Reduction plus casting -- 31%
                                            Closed reduction with fixation -- 5%
                                            Arthroscopic reduction and pinning -- 9%
                                            Arthrosporic reduction and external fixation -- 15%
                                            Open reduction and internal fixation -- 7%
                                            Open reduction internal and external fixation -- 2%
                                            Open reduction with bone grating -- 11%
  Medical problems                          None -- 59%
                                            Heart -- 2%
                                            Arthritis -- 9%
                                            Diabetes -- 1%
                                            Other -- 29%
  Post menopausal (women)                   68%
  Occupational demand (hand)                Low -- 42%
                                            Moderate 29%
                                            High -- 30%
  Baseline Work status                      Retired -- 25%
                                            Homemaker -- 16%
                                            Student -- 2%
                                            Unemployed -- 4%
                                            Other medical disability -- 3%
                                            Unable to work due to injury -- 33%\*
                                            Working -- 18%
                                            \*76% of working patients lost time due to injury
  Use of Pain medications                   Never -- 34%
                                            Occasionally -- 18%
                                            Daily -- 21%
                                            Several times a day -- 26%
  Rehabilitation                            Formal physiotherapy -- 82%
  Previous or Current Injury to Same Arm    20%
  Previous or Current Injury to Other Arm   26%
  ----------------------------------------- -------------------------------------------------------------------------------------------

###### 

Descriptive Information of Item Response on PRWE at Different Time Points

  **Question**                 **Baseline**   **2 Months**   **3 Months**   **6 Months**   **12 Months**                                                                 
  ---------------------------- -------------- -------------- -------------- -------------- --------------- ------ ------ ------ ------ ------ ------ ----- ------ ------ -----
  **Pain Scale**               Mn             SD             Med            Mn             SD              Med    Mn     SD     Med    Mn     SD     Med   Mn     SD     Med
                                                                                                                                                                         
  At rest                      3.6            2.9            3              1.5            2.2             1      1.1    1.8    0      0.9    1.6    0     0.7    1.5    0
  Repeat mov\"t                7.8            2.5            9              4.8            2.8             5      3.2    2.8    4      2.7    2.7    2     1.9    2.4    1
  With lifting                 8.4            2.3            10             5.5            3.0             5      3.9    2.9    3      2.6    2.7    2     1.7    2.3    1
  At worst                     7.9            2.6            9              5.5            2.9             5      4.0    2.9    3      3.07   2.6    2     2.2    2.5    2
  Frequency                    5.6            2.9            5              3.4            2.2             3      3.0    2.5    2      2.6    2.6    2     1.8    2.2    1
  **Specific Activity**                                                                                                                                                  
  Door knob                    9.2            2.1            10             4.8            3.3             5      2.8    2.8    2      1.8    2.4    1     1.1    2.0    0
  Cut meat                     9.2            2.0            10             4.7            3.5             4      2.7    3.0    2      1.6    2.5    0     1.2    2.2    0
  Buttons                      8.2            2.7            10             3.2            3.0             3      1.6    2.3    0      1.1    2.1    0     0.8    1.7    0
  Push up -chair               8.9            2.5            10             5.6            3.4             5      3.2    3.0    3      2.1    2.6    1     1.2    2.1    0
  Carry 10 lbs                 9.5            1.7            10             6.5            3.6             8      4.1    3.4    3      2.6    3.1    1     1.6    2.8    0
  Bathroom tissue              9.1            2.2            10             4.7            3.9             5      2.5    3.2    1      1.6    2.6    0     1.0    2.3    0
  **Usual Activity**                                                                                                                                                     
  Personal care                6.2            2.8            6              2.7            2.9             2      1.3    2.1    0      0.9    1.6    0     0.6    1.3    0
  Household Work               7.2            2.9            8              3.7            3.1             3      2.1    2.3    1      1.4    2.1    0     0.9    1.9    0
  Work                         7.9            2.8            10             4.3            3.6             4      2.5    3.0    1      1.5    2.4    0     1.0    1.8    0
  Recreation                   7.6            3.1            9              4.3            3.4             4      2.6    3.1    1      2.0    2.8    1     1.0    2.0    0
  **Pain Score (50)**          33             10.8           35             21.0           11.0            20     15.3   11     13.5   11.7   11.2   8     8.4    10.0   1
  **Specific Activity (60)**   54             10.8           60             29.6           18.4            30     16.9   15.3   13     10.8   13.4   5     6.8    11.0   1
  **Usual Activity (40)**      28             9.9            31             15.1           11.7            14     8.6    9.5    5      5.8    8.1    2     3.5    6.0    0
  **Total Score (100)**        75             17.8           79             43.3           23.0            43.5   28     21.3   23     20.0   20.6   12    13.5   17.0   1

Mn = Mean, Med = Median, Sd = standard deviation

All specific activities were severely difficult at baseline with the median response being a 10 on all items. A rapid improvement was noted by 2-months and again at the 3-month time point. \"Pushing up from a chair\" and \"carrying 10 lbs\" remained the most difficult activities throughout recovery. By 12-months after fracture, the median response was zero on all items and a small percentage of patients accounted for the remaining average difficulty (1--2 points) with \"carrying 10 lbs\" remaining the most difficult task.

Patients\' \"Usual Role\" was moderately affected in personal care, severely affected in ability to perform household duties and very severely affected in work and recreation at baseline. The domains of work and recreation remained the most impaired at each time point. The scores reported by patients reflecting the extent of limitation in their usual role in the 4 domains were lower than their scores for specific activities. Summary scores in subscales and total scores also demonstrated a rapid improvement in pain and disability within the first 3-months following fracture with a positive skew in the data at the six and 12 months time points as indicated by median scores that were lower than the average scores. (Table 5, Figure [7](#F7){ref-type="fig"})

Figure [2](#F2){ref-type="fig"} demonstrates the distribution of scores on the pain subscale at the five evaluation points over one year. The majority (66%) of patients had severe or very severe pain at baseline, whereas pain was moderate or less for 75% of patients by 2-months post-fracture. By 6-months following fracture 63% of patients had no or minimal pain.

Functional difficulties over time as reported on the PRWE are described in Figures [3](#F3){ref-type="fig"} and [4](#F4){ref-type="fig"}. At baseline, 86% of the patients reported very severe disability in the specific activities from the PRWE, while 48% reported severe disability performing their usual activities in the domains of personal, housework, work and recreation. The inability to perform usual activities (participation) was lower at each successive time points. By 3-months 49% of the patients had minimal or no difficulty performing these 6 specific activities and 64% reported minimal/no difficulty with their usual activity. One-year following fracture, disability was mild. However, only 41% of patients reported no difficulty with specific activities and only 54% reported no difficulty with their usual activities.

![Distribution of Difficulty with Specific Activities over One-year\*](1471-2474-4-24-3){#F3}
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The total pain and disability scores summarize these trends. At baseline, 81% of patients experienced severe or very severe pain and disability, which improved dramatically in the first 3-months, followed by slower improvements such that at 1 year following a fracture, 79% of patients have no/minimal pain and disability. However, 3% of the patients continued to have moderate, 4% severe and 1% very severe pain and disability even at this late stage. These trends are evident by the skew in PRWE scores where outliers at 1-year are those with high scores, whereas outliers at baseline tended to include low scores. (Figures [6](#F6){ref-type="fig"} and [7](#F7){ref-type="fig"})
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Discussion
==========

This study provided information on the pain and disability experience of patients following a distal radius fracture and how it changes over time. The data demonstrate that patients presenting at a baseline clinic visit, following reduction of their fracture, exhibit high levels of pain and disability and have very severe difficulty performing the 6 specific tasks listed on the PRWE. High levels of pain and disability coincide with the reparative phase where, soft tissue and bone healing would be occurring. While the self-report measure quantified the intensity of the pain experienced, it could not identify the location or source of this pain, so pain from both bone and soft tissue are implicated. Following tissue healing, \"a rehabilitative phase\" is characterized by slower, continued improvement in pain and disability with the majority of recovery occurring by 6 months post fracture. A small minority of patients continue to have significant pain and disability at one year following their injury. Carrying weight is the most difficult task for patients, whereas, work and recreation are the domains of life that are most severely and continuously affected during their recovery. Previous studies investigating the relationship between impairment and disability have suggested that strength is correlated to functional ability, which is consistent with these findings. \[[@B1],[@B2]\]

Functional difficulties reported on the specific activities subscale of the PRWE presented very severe difficulty at baseline. In fact, the median response was 10 (unable to do) for all specific items at baseline. This is logical given that items like repeated movement or lifting would be contra-indicated while the fracture was still healing. Furthermore, the majority of patients would be immobilized in casts, external fixators and/or through internal hardware which would limit the ability to move. The fact that the six items from the Specific Activities subscale presented a greater amount of difficulty to patients than their general level of disability in the domains of personal, household work, work, and recreation reported on the Usual Activities Subscale, supports the validity of the PRWE by indicating that the item reduction process correctly identified activities which are particularly difficult for patients with wrist pathology.

Two months later, with removal of these devices, a large improvement in function should be anticipated. At this time, carrying a ten-pound object, pushing up from a chair, turning a doorknob and bathroom hygiene still presented moderate difficulty for patients. The least disability was reported in fastening buttons. This item is considered to reflect difficulty in fine dexterity which might only be notably compromised in complicated cases, e.g. with median nerve problems, associated nerve injury or reflex sympathetic dystrophy. As these complications are rare \[[@B12]\], it is not surprising that this item would have lowest mean/frequency of reported difficulty.

The amount of restriction from usual activity reported at baseline in 4 domains of daily life was less than reported for specific tasks. This likely reflects the fact that patients can use their injured hand, to a certain extent, with their uninjured hand to perform tasks of daily life. The fact that level of disability reported in the items on the Usual Activity subscale is lower, at each time point, than for the items on the Specific Activities subscale also supports the concept that the impact of specific impairments varies according to the individual\'s normal role and environment \[[@B13],[@B14]\]. It is of particular importance when evaluating individual patients to be able to examine both the specific activities that are difficult for a patient, as well as their overall difficulty in completing their normal activities and roles. This data suggests that patients can distinguish their capability in specific activities from their overall participation in domains of life.

The results of this study are in agreement with qualitative work reported by Bialocerkowski \[[@B8]\], on a group of mixed wrist disorders. As in the current study, these authors reported that patients found work activities and household work (domestic duties) to present greater difficulty than personal care activities. During their open-ended qualitative interviews, patients recorded difficulty with activities similar to those represented on the PRWE. For example cutting meat with a knife (using eating utensils), turning a doorknob (open/close doors), buttons (handle buttons), push up from a chair (not mentioned), carry ten pounds (carry a child/saucepan/work activities involving grasping and lifting) and bathroom hygiene (washing the body) appear on both the PRWE and the data reported in the interviews. The similarity between items elicited during semi-structured interviews conducted by independent authors and those represented on the PRWE supports the validity of the questionnaire in measuring the wrist-related disability.

While Bialocerkowski \[[@B8]\] found similar functional disabilities in patients with wrist disorders as those included on the PRWE, her study was cross-sectional and thus did not elucidate how these particular disabilities changed over time. The current study provides additional information on the rate of improvement of both pain and disability during the year following a distal radius fracture. This information is more specific to distal radius fractures than previous work utilizing a study sample consisting of a variety of wrist problems. The qualitative work conducted by Bialocerkowski \[[@B8]\] used selective sampling and excluded patients if they had any systemic or neurological conditions, any wrist problems on the other hand or any other hand or arm problems. This type of selective sampling strategy is common in qualitative studies and entirely appropriate to that methodology. However, the results can only be generalized to the population studied. In contrast, this cohort study incorporated all patients who were able to complete the questionnaire, either independently or through the use of an interpreter and thus can be generalized to the broad spectrum of patients with distal radius fractures seen in a hand clinic. From this study, we are able to conclude that the majority of patients, should experience the majority of their improvement within six-months post-fracture, but a minority of patients will have lasting difficulties that persist for one year. While this group was too small within this study to determine specific reasons for poorer outcome, our previous work has shown that secondary compensation, more severe fracture displacement and patient education level are determinants of higher reported pain and disability. \[[@B2]\]

Bialocerkowski \[[@B8]\] also demonstrated that patients use a variety of compensatory mechanisms such as using the other hand, taking longer to do some tasks or doing things in a different way as common strategies when dealing with their wrist impairments. This provides an explanation for why different patients report different levels of disability even when impairments are very similar. They were also able to demonstrate that nonphysical, mostly negative, effects can occur following a wrist fracture. The most frequent of these was a financial burden (5/43). Aspects of how patients deal with their disabilities were not addressed within the current study.

Despite the fact that their qualitative interviews support the content of the PRWE, Bialocerkowski \[[@B8]\] suggested that currently available standardized instruments are deficient because \"no published wrist or hand instrument covers the full extent of the activities, as identified by our sample.\" While qualitative research describing the individual disability experience is highly useful and brings a richer understanding of the problems experienced by patients, this does not diminish the importance of validated self-report scales as a means to describe disability or to report outcomes. Sampling an appropriate number of disabilities which are known to be difficult for most patients with wrist disorders provides a means of describing pain and disability in a standardized way that is representative, although not fully comprehensive. It is noteworthy that patient-specific measures have been developed \[[@B15]\] which allow one to customize items according to the individual patient\'s priorities. Future studies which aim to describe the disability experience of upper extremity disorders, in more detail, could consider using both the PRWE and the Patient-Specific Scale.

The data reported in this study are useful to understand the disability caused by a distal radius fracture. Additionally, this data could be used in clinical decision-making. Comparing scores of individual patients to the median score reported by patients in this study (matched according to a time interval) will help identify whether that individual patient is reporting an atypical disability experience. For example, if a clinician observes that an individual patient is reporting abnormally high scores for pain at rest at a baseline visit, they may become concerned that this patient is presenting with early signs of complex regional pain syndrome and look for other signs/evidence suggestive of this problem. They might alter the treatment plan in light of these findings. Similarly, patients who do not exhibit substantial improvement in their scores between their baseline and 2-month evaluations may also generate concern. More intensive therapy may be indicated, further investigation to look for undetected associated injuries or complications might be appropriate; or the clinician may need to investigate the role of nonmedical issues that could be contributing to the patient\'s disability. Conversely, patients with pain and disability scores that are exceptionally low may not require in-house therapy, may return to work earlier or be followed less closely. Studies which investigate the appropriate cut-off points and accuracy of outcome scales when used in these ways would provide evidence upon which to base clinical-decision making.

Ideally self-report scales should help us understand the disability experienced by the individual patient, document the effectiveness of their treatment and assist with clinical-decision making during recovery. While there is an increased utilization of self-report scales to document the effectiveness of interventions, relatively little research has focused on how these instruments can help us to understand the patient\'s disability experience or contribute to decision-making during their care. While studies which report minimally important clinical differences or measurement error are essential to help clinicians evaluate significant clinical change following interventions, clinicians must also understand the normal course of recovery following an injury so that they can judge when a given patient deviates from these expectations. Future investigations that enhance our ability to understand the disability caused by specific musculoskeletal disorders and the impact of self-report scales on clinical decision-making/patient outcomes could contribute to providing more effective patient-centred care.
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Conclusions
===========

Patients experience profound pain and disability immediately following a distal radius fracture. The normal course of recovery is for symptoms to become mild within three months. Prolonged pain or disablement occurs for a minority of patients. Clinicians can compare their patient responses to the data provided in this study to identify patients reporting atypical experiences. Atypical responses may indicate the need for further evaluations, changes in treatment programs or modification of plans for return to work.
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